INTRODUCTION
Transitional flows around curved or inclined surfaces are among industrially relevant topics which are still not fully understood, due to the appearance of laminar separation and spanwise mushroom structures. Transitional flows associated with separation appear for instance on compressor blades, Micro-Air Vehicles, and small household wind turbines. While laminar separation has been investigated using both experiments and numerical simulations, characterization of mushroom structures around airfoil surface at low Reynolds numbers has been mostly conducted experimentally [1, 2, 3, 4, 5] .
On the suction side of an airfoil at low Reynolds numbers where the flow experiences an adverse pressure gradient, the boundary layer undergoes laminar separation followed by generation of unsteady Kelvin-Helmholtz vortex structures, which eventually break down to turbulence and re-attachment, forming the separation bubble. The turbulent boundary layer remains attached to the surface and withstands the adverse pressure gradient some distance downstream until turbulent separation occurs at high angles of incidence [3] . A schematic diagram of these flow phases over the airfoil is shown in figure 1 . The S826 airfoil has recently been investigated experimentally as well as through LES and RANS simulations [7, 8] .
In the present work we study separation associated with the stall cells by performing unsteady RANS simulations of flow structures around an NREL S826 airfoil using Menter's Shear-Stress-Transport (SST) k-ω turbulence model [9] . The simulations are compared with available wind tunnel measurements [10] .
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MATHEMATICAL MODELING
For the computations, the unsteady RANS equations are solved employing Menter's SST k-ω model [9] to close the system of equations. This two-equation eddy-viscosity model maintains the benefits of the original k-ω formulation in the inner part of the boundary layer (close to a solid wall) without explicit wall modeling. In the free-stream, the model switches to the popular k-ε formulation which hampers the sensitivity of the model to the inlet turbulence boundary conditions. The model has been widely used in industrial applications due to its strength in handling flows with adverse pressure gradient and separation [9, 11, 12] . Simulations are performed using a C-mesh surrounding the airfoil, and extending 10c (c is the chord length) from pressure and suction sides as well as the wake region. The first cell center over the airfoil surface is placed at a nondimensional height of y + ≈ 1. A laminar uniform velocity is applied at the inlet and periodic boundary conditions are applied at the lateral boundaries. A non-dimensional time step of t * = t.U 0 /c = 0.1 is used and simulations are performed for 5000 time steps.
RESULTS AND DISCUSSION
This section presents results of the numerical simulations. Figures 2 and 3 show snapshots of the mean streamwise velocity contours for three different Reynolds numbers at angles of attack α = 0 o and 12 o , respectively. As can be seen, the flow structures are very similar for all three Reynolds numbers at the fully attached cases of α = 0 o , whereas there are some differences in α = 12 o cases between Re=40,000 and the two higher Reynolds numbers. a) b) c) Figures 4 and 5 show a comparison of the lift and drag coefficients with respect to the available measurements [10] . Interestingly, the measurements show large differences in CL and CD between the lowest Reynolds number (Re=40,000) and the two higher Reynolds numbers for a wide range of α, whereas the URANS simulations do not capture such a strong effect of the Reynolds number except for the case with α = 12 o . Overall, there is a good agreement between the simulations and measurements at lower angles of attack (except for the lowest Reynolds number case). However, there are large discrepancies at higher angles of attack. Figures 6 and 7 illustrate the surface streamlines over the airfoil at Re=40,000 and 100,000, respectively, with an angle of attack of α = 12 o . The figures show clearly the formation of 3D spanwise flow structures, demonstrating that the SST model is capable of, at least qualitatively, predicting such structures. These flow structures have also been observed experimentally [13, 4] . It can also be seen that the stall cells are enhanced by increasing the Reynolds number from 40,000 to 100,000, although such structures are not visible at Re=200,000 (not presented here). Further comparisons between the simulations and measurements are required to assess the capability of RANS turbulence models to predict these flow structures.
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